Introduction
In this paper the authors intend to propose a comprehensive test methodology to evaluate influence of call admission control algorithms deployed for WiMAX on system with DaVinci FEC coding scheme. Previous work has already dealt with performance of DaVinci codes by performing cell level simulations using ns2 simulator with VIMACCS patch [1, 3] . Although key assumption and constraint of the mentioned simulation platform was the use of AWGN channel and no support for sub-carrier effective SIN R modelling. Simulations were carried out assuming a single cell configuration with multiple moving users. This tight focus was on one hand motivated by A. Flizikowski, M. Przybyszewsk, W. Hołubowicz the need to assess a user-level perception of WiMAX system and the efficiency of its resource management mechanisms but on the other on the simulator limitations (with respect to physical layer implementation). The results of applying such approach are presented in [1] .
International standardization organizations while preparing 4G specifications had defined requirements for system level simulations (SLS) for the candidate technologies [2, 5] . The goal behind the documents is to facilitate System-Level-Simulations by providing common methodology to perform such simulations (e.g.
for WiMAX). According to [2] cell-level simulations can be an intermediate step between Link and System-level simulation where the capacity of one cell and one Base Station, providing service for multiple users, is evaluated by means of comprehensive tests. In particular our previous work provided assessment of a WiMAX system performance in single cell deployment where users are utilizing CBR (VoIP) traffic characteristics. According to the real-time traffic QoS requirements it is straightforward in WiMAX networks to consider using the UGS service class as it is scheduled with strict priority [6] .
The IEEE standardized simulation methodology [2] for 4G candidate technology does not specify how to evaluate (WiMAX) system capacity with various call admission control mechanism. The VIMACCS simulator developed by authors does not however support the Orthogonal Frequency Division Multiple Access scheme (OFDMA) which is the access scheme assumed by the original methodology. Thus the additional challenge was to adjust simulation methodology to facilitate simulations covering CAC with Time Division Multiplexing Access scheme (TDMA) and OFDM. Such a motivation leads to contribution regarding methodology adaptation for system capacity/performance modelling with OFDM and CAC and non binary FEC codes (DaVinci nbLDPC). This paper introduces extension to 4G evaluation methodology combining admission control and user mobility based on traces following the Léavy-walk distribution in a geographical area captured on the maps generated by the Radio mobile radio coverage planning as it was conducted in previous work [1] . This paper also elaborates on the performance differences between different measurement-based admission control algorithms in case of connection requests arriving in large batches. By moving a "step forward", this paper concentrates on testing the algorithms against increasing number of arrivals per one batch as well as testing the "zero hour" scenario (system saturation). This is in contrast to previous approach which concentrated on ad- tion towards system-level simulation may start by adding multiple users in one cell as defined in [2] and [5] . Numerous studies have been conducted towards development of System-Level Simulations methodology and the mandatory recommendations to perform them are given in [2] and [5] . However the above documents do not state how to asses performance of WiMAX with Call Admission Control algorithms. To perform simulations with CAC algorithms authors narrow the scope to a Cell-Level Based approach as seen in Fig. 1 .
As opposed to the approach described in [2] authors deploy one cell with single base station with no cell sectorization (as presented in Fig. 1 ). This straightforward approach is more suitable for simulations with CAC as we can produce results closer to reality by controlling the user movement patterns (conforming to Léavy-Walk model [9] ) and apply them in a real-life scenario by generating maps with SNR distribution using e.g. Radio Mobile application. In a limited geographical area the movement of mobile users is usually predictable. People are driving or walking to work/school each day taking the same path. In the end they follow a specific pattern on dayby-day basis. The SNR conditions of each one's channel may vary and it depends on user location at a given moment. This observation is the underlying assumption for our methodology. We first describe each user with a specific walk pattern and after aligning it with the map use these patterns to pick particular SNR values given the signal strength distribution on the map to provide SNR trace files for our simulator. In the end each scenario can be repeated numerous times giving reliable results as users will take the same path each time (thus the SNR distribution is similar but may change due to fading and path loss).
The SNR matrices were prepared using Radio Mobile application for rural geographical area limited to 16 square kilometres. Mobility models are generated using Matlab source files provided by [9] . Radio mobile uses the ITS GHz. This general purpose model is used in many fields of science, and can be utilized for WiMAX based network simulations. The method aligning the knowledge on user location and related SNR distribution into simulation scenarios was already described by authors in details in [1] .
In the following section the simulation environment based on L2S interface is described.
3 Integrated simulator for assessing VoIP with CAC and various FEC codes Tables which, when used with a L2S interface, can be used instead of the decoder itself and provide accurate CWER prediction in mobile channels. For more information about effective SINR computation please refer to [10] and [11] . For the sake of the paper it is important that the authors decided to use a method based on Mutual Information [2] and [10] . In particular the authors implemented the Mutual Information
Per Received Bit (RBIR) method to compute the effective SINR. The Mutual Information is calculated as in (1)
In the above equation we take U as the zero mean complex Gaussian with variance (1/2)SIN R n per component where SIN R n is the post-equalizer SIN R at the nth symbol or sub-carrier; M is a constellation size; m(n)
is the number of bits at the n-th symbol (or sub-carrier) and X is the constellation alphabet. Now assuming that a number of N subcarriers was used to transmit a code- given by equation (2) . Table) can be generated for several users where each user is moving at different speed. The algorithm for eSINR computation used in the simulator is depicted in Fig. 2 .
Eventually the above mentioned process results in the L2S model with eSINR calculation which can be used to generate LUT tables that follow the behaviour of physical layer with decoder implementation without the complexity trade-off. In turn L2S can be used within ns2 simulator to provide more realistic results for simulations with CAC in mobile channels (as opposed to the approach described 
Results of CAC algorithms evaluation
This section presents the results of test methodology that focuses on assessing the performance of the measurement-based admission control algorithms in the presence of batch arrivals. We also provide results for parameter-based admission control (CSCAC) for reference. The tests consist of two scenarios. Scenario 1 -otherwise called the "zero-hour" scenario -which focus is to check the impact on a system that is not protected against connection requests arriving in large batches. Scenario 2 -which elaborates and extends on scenario 1 by introducing multiple mobile users, congestion control mechanisms and varying number of calls arriving in each batch. In relation to previous tests [19] , these scenarios are therefore more traffic-centric (concentrate on special cases of traffic in the network), rather than parameter-centric (concentrating on adjusting algorithms parameters regardless of the network traffic).
Simulation environment set-up
Authors have applied the approach that assumes worst case mobility [7] . Therefore in test scenario 2 most of the users (83%) are on the move and their mobility path follows the well-known mobility pattern -namely Léavy- [9] . To increase the reality of the simulated environment COTS (Commercial Off-The-Shelf) tool for coverage planning was used to provide SNR distribution in a given geographic area.
SNR map has been generated for a village near the city of Szczecin (Poland). The Map1 represents relatively good SNR conditions, although it is important to remember that for measurement-based algorithms it is also important how often the change in SNR triggers a change in MCS. In simulations which are run with congestioncontrol enabled the admission control algorithm is configured as both admission and congestion control algorithm.
Therefore the change in MCS (which basically means that the requested number of resources for a given connection is changing) triggers admission control algorithm, which target is to re-evaluate whether the system can cope with the changed requirements of a given connection. Table 1 and 2. Since the main aim of this scenario is to potentially congest the system unprotected against batch arrivals, therefore all connection times are considered infinite (meaning -much longer than the simulation time -once accepted, the connection is not cancelled at any time by any of the connection sides).
MBAC -EMAC, nscARAC and ARAC -have been tested during simulations. All connection request (approx. Simulation parameters have been presented in Table 3 . Table 4 summarizes the results for scenario 1. For ARAC and nscARAC delays are acceptable for VoIP connection (approx. 20 ms), but for EMAC they rise excessively and reach almost 2.5 seconds.
Looking on the connection level QoS brings the same conclusions. Therefore for EMAC most of connections did not meet their QoS requirements (over 95% of connections experience inadequate QoS). At the same time bandwidth utilization for ARAC and nscARAC is not much lower than for EMAC (approx. 55% compared to 64%).
Therefore the scenario 1 confirms our suspicions as well as previous findings. As in previous simulations [19] EMAC fails to provision QoS if batch arrivals are introduced into the system and should not be considered as a good option for systems with probability of batch connections.
Scenario 2 -batch arrivals in ACM-enabled system
This scenario tests algorithms against batch arrivals introduced into simulation. This scenario elaborates on the set-up from the scenario 1 by extending it. For simulations in scenario 2 the number of arriving connection requests in one batch is changing in subsequent simulations
(from 1 to 25 - Table 5 ). The number of batches results directly from the arrival rate ( Table 5 . (Fig. 6) . Also blocking ( Fig. 7) and dropping (Fig. 8) probabilities are similar for all tested algorithms. ARAC achieves slightly (about 2%) improvement in blocking probability, when compared to nscARAC. Moreover, the nscARAC achieves 
Simulation results and conclusions

Summary and future work
In this paper authors have presented the extended version of the simulation methodology described in [1] . As opposed to the previous research, the main focus was to apply simulation methodology to assess connection admis- 
